We prospectively evaluated the impact of ultrasound (US) in the outcome of appendectomy findings in children. We analyzed the clinical data of 96 consecutive patients who had appendectomy following clinical suspicion of acute appendicitis. Pre-op US was performed in 60 patients while 36 patients had surgery without pre-op US.
INTRODUCTION
Acute appendicitis is the commonest cause of abdominal emergency in children requiring immediate surgery ( 1 ). Often times the clinical diagnosis may be difficult and it has been accepted that it is safer to intervene surgically to present perforation ( 2 ). Such decision has led to negative appendectomy in up to 20% of cases ( 3 ). This rate is indeed considered good practice ( 4 ), but higher rates of negative appendectomies may be experienced in female patients because of the difficult differential diagnosis from acute gynaecological conditions ( 5 ).
There has been strong evidence that imaging can be of substantial diagnostic value in the diagnosis of acute appendicitis in children, but there is limited information of the impact of imaging on surgical findings ( 6 ).
We prospectively evaluate the impact of ultrasound (US) in the outcome of appendectomy findings in children.
PATIENTS AND METHODS
Prospective analysis of the clinical data of 96 consecutive patients who had appendectomy following clinical suspicion of acute appendicitis was carried out between June 2000 and December 2001. The patients comprised 56 males and 40 females. The age ranged from 3½ to 17 years with a mean of 12.3years. The surgical findings and histological data in the patients who had pre-operative (pre-op) ultrasound (US) were compared with those who did not have pre-op US.
High resolution US examination was performed on those who had pre-op evaluation, using the graded compression technique ( 7 , 8 ). All examinations were carried out with 7.5 MHz linear array or 5 MHz convex transducers (Aloka machine). Emphasis was laid on scanning the area of maximal tenderness as indicated by the patient, and extended to other parts of the abdomen and pelvis.
Appendicitis was diagnosed if the appendiceal maximal outer diameter (MOD) is > 6mm and/or maximal mural thickness (MMT) is = 3mm in a non-compressible appendix. Also, appendices with luminal dilatation due to a large appendicolith or non-expressible fluid are presumed to be inflamed even with MMT< 3mm.
Statistical comparison of the frequencies of positive and negative appendectomies and of the examinations performed with and without US was done by using an x² test in a contingency table format. Results were considered statistically significant at P < 0.05.
RESULTS
Pre-op US was performed in 60 patients. 48 patients were diagnosed positive for appendicitis and 12 negative either as a result of other findings or non-visualisation of the appendix. At operation, appendicitis was detected in 50 patients, 12 of which were perforated. Based on surgical findings, appendicitis was correctly diagnosed by US in 46 out of 48 patients diagnosed positive and 4 out of the 12 diagnosed negative. Negative appendectomy ( Table 1) was performed in 2 patients for what turned out to be normal appendix on histology and on 8 patients that had other pathologies which were diagnosed by US. The total rate of negative appendectomy for all patients that had pre-op US was 16.7 % (mis-diagnosis and other pathologies not appendicitis; n = 10/60), for misdiagnosis only is 3.3 % and for perforation was 20 %. Thirty six patients had surgery without pre-op US because of unequivocal diagnosis of appendicitis based on the clinical and laboratory findings. Out of the 36 patients, appendicitis was detected at surgery in 24 with 5 cases of perforation. Negative appendectomy was performed 12 patients. The rate for negative appendectomy was 33.3 % and perforation rate was 13.9 %.
The overall perforation rate was 17.7 % (17 of 96) and negative appendectomy rate was 22.9 % (22 out of 96).
Statistical analysis revealed a significant association between the use of pre-op US and positive appendectomy using 2 x 2 contingency table and Yates continuity correction (x² = 11.959, df = 1, P = 0.001). No statistically significant difference in the rates of perforation (Z = 0.48, P = 0.630) or rate's of negative appendectomy (Z = 1.162, P =0.105)
DISCUSSION
The diagnosis of acute appendicitis is often based on classical history and clinical findings. In recent times, ultrasonography has emerged as a cost effective tool in the diagnostic evaluation of children with suspected acute appendicitis ( 6 , 9 ).
The negative appendectomy rate of 16.7% in patient who had pre-op US, and 33.3% in those who did not are comparable with figures presented in recent studies ( 6 , 10 , 11 ). Although, these figures are not statistically significant, the difference between the actual figures are impressive. However, when the wrong diagnoses alone are considered in those with pre-op US, the negative appendectomy rate dropped from 16.7% to 3.3% in our study. When there is lack of consensus between the surgeon and the radiologist (usually a senior resident radiologist in our situation) on the result of US findings, the tendency is for the rate of negative appendectomy to increase as seen in this case (16.7%) which is also the experience of Applegate et al ( 3 ).
Also, there is no statistically significant difference in the perforation rate in patients who had pre-op US (20%) and those without (13.9%). The perforation in those with pre-op US is comparable to those of similar group in the other studies ( 6 , 10 ). Although, the rates are not statistically significant, the higher perforation rate in the group with preop US is probably due to delay to some extent, in surgery necessitated by the need for pre-op US. Since perforation of about 13.9% is encountered in those without pre-op US, it buttresses the submission that a certain perforation rate is unavoidable in age-related risk group whether or not surgery is delayed by as a result of additional imaging evaluation ( 10 ) . Perforation rates that are age-related have dual peaks with the first occurring in very young patient and the second in the elderly ( 12 , 13 ). This could not be assessed in this study as all the patients are in paediatic age group.
There is evidence that an inverse relationship exists between a negative appendectomy rate and a perforation rate ( 14 ). This is illustrated in this study where the higher appendectomy rate (33.3%) in the group without pre-op US had a lower perforation rate (13.9%) when compared with the appendectomy rate of 16.7% in patients with pre-op US with a higher perforation rate of 20%.
While sonography is necessary to establish the diagnosis of appendicitis pre-op, it is equally important in differentiating true negative cases which constituted 13.3% (8 out 60) in this series. The limitation of US, however resulting in 3.3% (2 out of 60) of wrong diagnosis in this series is attributable to the inability to visualize the appendices in 2 cases as a result of overlying bowel gas in relation to a retrocaecal appendix. The high resolution transducer used was therefore inadequate to localize the position of the appendices. The use of low-frequency transducer may equally make diagnosis more difficult because of the lower spatial resolution ( 7 ).
In conclusion, US is very sensitive and specific for the diagnosis of appendicitis and has a significant association with positive appendectomy. Although there is no statistical difference in the negative appendectomy and perforation rates between patients that had pre-op US and those without, but there is a higher negative appendectomy in patients without, which showed that pre-op US can lower the negative appendectomy rate. Further reduction in the negative appendectomy rate can be achieved if US is performed by highly trained and experienced sonologists with a close rapport between the surgeons and sonologists. Unnecessary delay in surgery should be prevented by prompt preparation and performance of pre-op US so as to further reduce the perforation rate. 
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